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Background
Transcutaneous exposure to food allergens can lead to food sensitisation (FS)/food allergy (FA). We measured skin barrier function in early infancy and related it to the later development of FS/FA at 2 years.
Methods
Infants in the BASELINE birth cohort had transepidermal water loss (TEWL) measured in the early newborn period and at 2 and 6 months. At 2 years, infants had FS/FA screening using skin prick testing and oral food challenge (OFC).
Results
1903 infants were enrolled. 1355 were retained to 2 years, 1260 underwent FS screening.
6.27% had FS (79/1260, 95% CI 4.93 -7.61%), FA prevalence was 4.45% (56/1258, 95%CI 3.38-5.74). Egg was the most prevalent allergen (2.94%), then peanut (1.75%) and cow's milk (0.74%). Day 2 upper quartile TEWL (>9g water /m 2 /hr) was a significant predictor of FA at 2 years (OR 4.1 95% CI 1.5-4.8). 75% of children with FA at 2 years had day 2 TEWL values in the upper quartile. Even in those without atopic dermatitis, infants with upper quartile day 2 TEWL were 3.5 times more likely to have FA at 2 years than infants in the lowest quartile.
(CI 1.3 -11.1, p=0.04).
Conclusion
Neonatal skin barrier dysfunction predicts FA at two years, supporting the concept of transcutaneous allergen sensitisation even in infants who do not develop atopic dermatitis.
TEWL could be used for stratifying infants in the first few days of life, before development of atopic dermatitis or food allergy, for targeted intervention studies to potentially alter the atopic march. 
Abbreviations
Introduction
Atopic disease includes atopic dermatitis (AD), food allergy (FA), allergic rhinitis and atopic asthma. [1] [2] [3] [4] The first manifestation of this complex disease cluster is usually AD from early infancy. 5, 6 Filaggrin (gene: FLG) has an important role in human skin barrier structure and function and FLG mutations are associated with increased risk of AD, asthma and FA, including peanut allergy, even in the absence of AD. [7] [8] [9] Immediate, IgE-mediated FA is much more prevalent in children with AD than in children without AD. 10, 11 Several lines of evidence, including murine studies support the hypothesis that percutaneous exposure to food proteins is allergenic, whereas enteral exposure is tolerogenic. [12] [13] [14] Furthermore it is suggested that peanut proteins can activate innate immune pathways in even undamaged murine skin, promoting sensitisation. 15 The 2015 LEAP study has shown that young infants with moderate-to-severe AD are already at high risk of developing peanut allergy, which can be secondarily prevented by eating peanut regularly, compared to peanut avoidance. 16 It is possible that primary prevention could also be effective but in routine practice the pre-atopic 'at risk' population may be difficult to identify soon enough to benefit from this intervention.
Transepidermal water loss (TEWL) is a well-established measure of skin barrier disruption.
TEWL is raised in those with AD at both lesional and non-lesional sites. 17, 18 It associated with FLG status, with increased TEWL values seen in FLG mut rather than FLG wt and with increased severity of AD. 19 We have recently shown in the BASELINE cohort, a large well phenotyped prospective birth cohort, that it is possible to use simple clinical data and TEWL to identify 6 newborn infants with an 80% risk of having AD at 12 months of age, compared to a background rate of 15%. 20 Our aim in this study was to examine if early skin barrier disruption, measured by TEWL, is associated with increased rates of food sensitisation (FS -the demonstration of allergenspecific IgE in asymptomatic subjects) or clinical food allergy (FA) at two years. We hypothesised that elevated TEWL at birth would be an early risk factor for later development of FA, independent of AD.
Methods
Study subjects
This study was part of the BASELINE Birth Cohort Study (Babies After SCOPE; Evaluating
Longitudinal and Nutritional Endpoints; www.baselinestudy.net), previously described in detail. 21 Infants recruited from July 2009 to October 2011 had TEWL measured at three time points in early infancy and were FLG genotyped. AD was screened for at 6 and 12-month appointments using the UK Working Party criteria. 22 Parental atopy was defined as a personal parental history of food allergy, AD, Rhinitis, active asthma or allergy to animals.
Skin barrier assessment
TEWL was measured using a widely validated, open-chamber system (Tewameter® TM 300;
Courage+Khazaka Electronic, Cologne, Germany) 23, 24 using a standard operating procedure 25 , in an environmentally controlled room, in the newborn period prior to discharge from hospital and at return visits at 2 and 6 months.
Food allergy and sensitisation
Longitudinal screening for FA was performed at each visit with screening questions about symptoms that could be attributable to a food allergen. Parents were encouraged to report any inter-appointment symptoms that they suspected to be caused by food allergy. We used modified EuroPrevall criteria to assess suspected FA. Cross-sectional screening for FA and FS was offered to all children at two years, using SPT (ALK Abello, Reading UK). The food allergen panel used for screening was cow's milk, egg, peanut, wheat, cod and soya. Other non-panel foods were tested if the child had suspected food allergic symptoms on previous ingestion of the food. Positive SPT at the two year appointment triggered a formal evaluation. If the reported food was already safely tolerated then the child was deemed food sensitised, not allergic, and was advised to continue to regularly eat the food. If the food had not been eaten previously, or there was a history suspicious for allergy to the food, then the child was advised to avoid the food until
Oral Food Challenge (OFC) was completed (Supplemental Figure 1 ). Non blinded OFC were conducted, as is acceptable practice in children of this age group. 26 Criteria for stopping OFC are listed in Supplementary Table 3 .
Statistical methods
Statistical analysis was carried out using SPSS (Version 21. IBM, Chicago, USA). A chi-squared test for independence was used to analyse the association between two categorical variables. The independent sample student t-test was used to compare mean score of continuous data between categorical groups such as "children with AD" versus "children without AD". Wald 95% Confidence Intervals for binomial sampling was employed. A series of univariate logistic regression (LR) models was used to estimate the factors at birth that influence the diagnosis of food allergy at 2 years. The dependent variable which measures diagnosis at 2 years is Failed Food Challenge 'Yes' =1 and 'No' = 0. All values were considered significant at p<0.05. Following this, a LR model was used. The dependent variable which measures diagnosis at 2 years was again Failed Food Challenge 'Yes' =1, and 'No' = 0. All values were considered significant at p<0.05.
We adjusted for the following variables ( p<0.05) in the multivariate model : 'use of emollient vs water/soap after birth'; 'type of allergen (dairy/egg vs peanut, nut, other) ';
'male vs female'; mixed feeding vs exclusive breast feeding; no visible itch vs visible itch; 2 month TEWL value. The rationale for variable selection was to include those predictors necessary for face validity but only if they were significant at a 0.05 level or they altered the coefficient of the main variable by more than 10% in cases in which the main association was significant.
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We used ROC (receiver operating curve) analysis to evaluate and compare the performance (sensitivity and specificity and AUC) of the LR models. Further LR was performed, selecting only for those who are NOT diagnosed with AD at 2 years, and controlling for itchy skin at 2 and 6 months, We also controlled for type of allergen (dairy/egg vs peanut, nut, other) ';
'male vs female'; mixed feeding vs exclusive breast feeding; 2 month TEWL value. The dependent variable which measures diagnosis at 2 years is Failed Food Challenge 'Yes' =1, 'No' = 0. All values were considered significant at p<0.05.
Ethical approval
The study was conducted according to the Helsinki guidelines. This study was approved by Of these 79 food sensitised infants, 22 (28%) were tolerating the food and were advised to continue its consumption. The remaining 57 infants were offered OFC. (Table 1 and The cumulative food allergy prevalence (allergic to at least one allergen) was 4.45%
(56/1258) at 2 years (95% CI 3.38 -5.74).
Non IgE mediated food allergy
At 12 months, 16 infants reported food adverse reaction to dairy, which on allergy focused history and exam was deemed suspicious for non -IgE mediated food allergy. These 16 infants were advised to trial elimination diet for period up to 3 months, with regular trial reintroduction. By two years 12 of 16 infants had reintroduced the food successfully. Of the infants who did not reintroduce food successfully, two of these infants were being followed up by the general paediatric services for suspected Lactose Intolerance, the other two continue to have symptoms of suspected Non -IgE mediated CMPA.
Atopic Dermatitis and Food Sensitisation and Food Allergy 2 years
There was a significant association between the diagnosis of AD at any of the 3 time points and FS and FA at 2 years. For those FS at 2 years 68.4% had had a diagnosis of AD at 6 months versus those not FS at 2 years where only 16.2% had a diagnosis of AD at 6 months.
This significant association between AD diagnosis and both FA and FS was seen across all 3 time points for AD diagnosis. See Supplementary Figure 2 and Supplementary Table 4 .
FLG mutation status and Food Sensitisation and Food Allergy at 2 years
1300 of the cohort were genotyped for the four most common loss-of-function FLG mutations. The cumulative FLG mutation rate was 10.46% (136/1300). Four infants were homozygous for FLG mutation, with the remainder heterozygous for a FLG mutation. There was a significant association between FLG mut and both FS and FA at two years. (Table 2 ).
981 of the 1300 infants successfully FLG phenotyped completed screening SPT at 2 years, with 980 successfully completing full food allergy evaluation. 
TEWL and FS and FA at 2 years
There was no significant difference in mean TEWL values at birth between those with or without FS and FA at two years (Supplementary Table 5 
Prediction of Food Allergy at Two Years
Initially, univariate logistic regression was undertaken to assess the impact of individual factors on the presence of FA at 2 year ( 
Skin barrier defect without atopic dermatitis
Repeating the model selecting only for infants with FA allergy at 2 years but who did not develop AD we found that cases in the top TEWL quartile (>9 g water /m 2 /hr) who did not have AD at 2 years still remained 3.5 times more likely to be diagnosed with FA at 2 years (CI 1.3 -11.1, p=0.04) controlling for type of feeding and for parental atopy than children with TEWL in the lowest quartile neonatal TEWL.
Figure2: Food Allergy diagnosed at 2 years, with no AD by TEWL quartile.
Discussion
We have previously shown that non-invasive measures of skin barrier dysfunction in the neonatal period predate the development of atopic dermatitis at 6 and 12 months. 20 This study provides in vivo human data that supports evidence from prior animal studies, observational and interventional epidemiological studies that a defective skin barrier may be a route of sensitisation to food allergens. Importantly, our work shows that FS and FA occur at a higher rate in those with a neonatal barrier defect, even if the child does not develop atopic dermatitis. We have shown three quarters of children with food allergy at 2 years had day 2 TEWL values in the upper quartile and "top quartile" infants were 18 times more likely to develop food allergy than "lowest quartile" infants.
Strengths
This observational study is part of a large, prospective, antenatally and postnatally recruited and heavily phenotyped birth cohort study. It has advantages over several similar studies in that our cohort was not selected for atopy. It is the only study of this scale to assess skin barrier function in the newborn period. These infants were followed longitudinally through early infancy to two years. International criteria for diagnosis of AD and FA were used, including formal food challenge.
Limitations
Children who had dropped out of the study may have received allergy care elsewhere, leading to an underestimate of food allergy. However during the time period of this study, our centre was Ireland's only specialist paediatric allergy centre and is located in a mixed secondary and tertiary university hospital, which was the referral centre for all food allergy cases locally, regionally and nationally. The characteristics between those still enrolled on the study at 2 years were compared to those who dropped out of the study between registration and 2 years. There was no significant difference between the mean TEWL values at any stage between those who dropped out and those still enrolled. There similarly was no significant difference in parental atopy history between both groups. (See Supplementary 
